Background: The energy sector plays an important role in the economic growth in Jordan due to the fact that Jordan imports around 97% of its needs from primary energy. The purpose of this study is to explore the pattern of electricity consumption and energy loss to highlight the strengths and weakness of energy efficiency in the context of the urban sustainability of Amman City in Jordan. Methods: The design of sustainable urban development is based on the urban interdependencies approach, which incorporates the stakeholders to identify and pursue synergies between multiple sectors. This approach includes the identification of the functional sectors, which are related to institutional and behavioral levels in the society, raising the level of institutional performance and improving the quality of urban services. The spatial statistical analysis approach and GIS applied to analyze the consumption pattern of electrical power in the study area. Results and conclusion: There was a considerable increase in the peak domestic consumption, as the peak load reached 3320 MW in 2017 with an annual increment rate of 4.9%. Regarding energy efficiency, the value of total electrical energy losses reached 13% in 2017; around 90% of this loss occurred in the electrical distribution stage. Geographical distribution of the household electrical power shows that the east and middle parts of Amman have low consumption levels compared to the west residential parts. The energy consumption pattern has an inverse relation with the population distribution, family size, and building characteristics in the city. This is clearly identified by addressing the downtown region that has the lowest energy consumption and the highest-density population, while the western part has the highest energy consumption and low-population density. These variations can be referred to as differences in social and economic behaviors of inhabitants in both high-density and low-density population areas. This analysis reflects the influence of several factors that should be taken into account in energy sustainability strategies. Energy consumption is influenced by the characteristics of households which include building size, household income, total energy cost, and building characteristics (e.g., building design, age, location, and using thermal insulation system for buildings).
Background
The energy consumptions pattern and its sustainability influence the urban agglomerations and population growth in cities [1] . There are many studies and literature, which address the ways of sustainability and energy efficiency in cities and urban environments. The development of economic, social and environmental sectors is the tackle point to achieve effective sustainability in an urban environment "triple bottom line" [2] . Modern cities become a target for the urban population due to the effectiveness in providing resources for all kinds of services (e.g., water, food, energy) in order to meet the livelihood requirements [3] . The metabolism theory considers the cities like a living organism, which can be represented by different growth stages in their life cycle such as childhood, youth, maturity, aging, disease, or renewing youth [4] . According to this theory, the city needs resources and energy for implementation of the metabolism energy flows [5] .
The current projections indicate that more than 66% of the world's population will live in cities by 2050, while in Jordan the urban population compromises more than 80% of the total population [6] , and greater Amman municipality includes more than 43% of population within its borders. On the other hand, the urban buildings and agglomerations that based on sustainable effective planning can help in founding the modern cities, which provide high comfort to the population services and energy efficiency standards [7] . Applying this concept in Amman City, the focus is not limited only to the quantity and quality of these services but shall consider the adopted methodology to deal with its operations within the urban environment, the pattern of energy consumption, and the driving forces of consumption of resources. The energy consumption pattern is an essential part of the city services and becomes a metabolic theory in urban areas, which constitute a reference framework in integrated urban energy systems. The residential requirements account for about 36% of the total electricity consumption amount of Amman [8] , according to this figure, adopting practical efficient energy reduction strategies could reduce the related costs of energy consumption.
Since 2011, the instability in Middle East region and fluctuations of the oil global market have strongly affected the fossil energy consumption such as oil and natural gas, this can be addressed by some economic consequences which are reflected by the oil price instability. Taking into consideration, the political consequences of the unstable neighboring countries to Jordan, these conditions besides the environmental factors stress the need for shifting towards sustainable energy resources in Jordan. Investigating the pattern of energy consumption is a crucial issue to determine the priorities of the transformation process, which shall lead to take an action towards sustainable urban consumption in the energy sector in Jordan. Therefore, the main objective of this study is to analyze and identify the pattern of energy efficiency and electrical energy consumption in Jordan taking Amman City as a case study.
Methods
The design of sustainable urban development is based on the NEXUS urban interdependencies approach, which incorporates the stakeholders to identify and pursue synergies between multiple sectors. This approach includes the identification of the functional sectors, which are related to institutional and behavioral levels in the society, raising the level of institutional performance and improving the service quality. The ultimate goal of urban NEXUS approach is speeding up access to services, increase the quality of service and the quality of life [9] . The mutual interest approach interlinkages between environmental resources and transformations and flows across spatial scales and independent parts, rather than merely on individual components, where management of complex systems is taking into account [10] .
Jordan is located in the Eastern Mediterranean region with an area of about 89,300 km 2 . The main population is concentrated predominantly along the mountains' regions with the main cities: Irbid, Zarqa, Amman, Salt, Madaba, and Karak. Amman is the capital city whose population percentage reaches about 43% of Jordan population in 2018. Figure 1 shows the location of Amman City in Jordan. The study focuses on Amman City and its surrounding suburbs with an area of around 900 km 2 that is part of the greater Amman area. Amman represents the main economic center of the country, with over 85% of the total industrial and service activities, which are located in the capital city together with the industrial suburbs and peri-urban zone towards Zarqa City [11] .
The study curriculum is based on the description and analysis of energy efficiency performance in Amman City (study area). knowing the pattern of consumption can work to determine priorities in the process of taking decisions on sustainable urban environment for the energy sector in Amman, as the key to improving energy efficiency lies in better understanding of patterns of consumption [12] .
To show the spatial autocorrelation pattern of electricity consumption in the study area, the spatial statistical analysis techniques in GIS were applied [13] on the Life-Cycle Assessment (LCA) as a tool, that can help to understand the various environmental benefits and results [14] . The purpose of LCA is to build a comprehensive environmental characterization of the outputs, and this easily can be applicable to the GIS techniques. Noting that LCA was not the core topic to be investigated or followed during this research; however, its coupling the GIS was the key benefit to follow, by using the spatial statistical analysis techniques related to the study variables. Also, GIS offers the opportunity to manage and automatically process information at larger scales taking into account the spatial dimension and achieving a higher level of detail. GIS capacity to tackle huge spatial databases may support LCA at the territorial scale and reduce the working time to perform the LCA studies in the future [15] .
GIS was applied through the ArcMap info version 10.5, represent maps on the study factors, and calculate its key values in order to follow the requirements of the Global Moran's Index. Moran's I is a measure of global spatial autocorrelation, which indicates whether there is an autocorrelation among all spatial features. The domain of Moran's I is from − 1 (perfect dispersion) to 1 (perfect clustered). Random spatial distribution is indicated when Moran's I is 0. In other means, the larger Moran's I is, the more clustered the spatial features are [16] . Test of the spatial autocorrelation (Global Moran's I was based on both feature locations and feature values simultaneously. It is used to evaluate types of pattern distribution, Moran's I index is calculated using the equation below.
where N is the total number of observations (points or polygons) i and j represent different locations; Xi and Xj are values of the variable in the ith and jth locations, and X is the mean of the variable X ; Wij is a measure of spatial proximity for pairs i and j [17] . Figure 2 shows the spatial autocorrelation pattern for per capita electricity consumption, using Global Moran's I in Amman City. The z score and p value are used to evaluate the significance of that Index. p values are numerical approximations of the area under the curve for a known distribution. This analysis returns a z score of 13.46 associated with a zero p values which indicates it is unlikely that the observed spatial pattern reflects the theoretical random pattern. All Moran's I values are measured based on electricity consumption in the study area in 2015. The figure present graphics and numeric results for Moran's I, three patterns are depicted: dispersed, random, and clustered. These patterns represent per capita electricity consumption in Amman City. The clustered pattern suggests a strong spatial autocorrelation in which Moran's I is equal to 0.6. Which implies that domestic electricity consumption, representing the key factor in the study area, and given the value 0.6; the nearby locations tend to have similar values and positive autocorrelation as shown in Fig. 2 .
Results and discussion

Current state of energy sector in Jordan
Energy management is a big challenge for Jordanian economy due to the paucity of local energy resources and relying on imported energy sources. The energy demand of tons of oil equivalent is growing by percentages of 6.4% annually. In 2016, the electricity sector contributed with more than 41% of the total energy consumption [18] and with an annual growth rate reached to 2.8% with 3.7 million tons of equivalent oil consumption in 2016 compared to 3.6 million tons of equivalent oil in 2015 [19] .
Regarding the electricity consumption in the main regions of Jordan, Table 1 clarifies the electricity consumption by three distribution companies. The consumption of Jordan Electricity Power Company (JEPCO) which supplies electricity to Amman, Zarqa, Madaba, and Salt cities, contributed more than 60% of the total consumption rate of the three distribution companies in 2016.
Taking into consideration the instability of the energy market, the energy security in Jordan testifies swings and sometimes shocks [22] . The primary energy consumption in Jordan reached 9.5 million tons of equivalent oil in 2016. The quantity of the fuels consumed for the purpose of power generation in 2016 totaled around 3.4 million tons of natural gas, 0.3 million tons of heavy fuel oil and 0.013 million tons of diesel, the total fuel cost reached to around 790 million Jordanians Dinars. The electricity demand in Jordan depends on several factors, most importantly the below key factors:
Environmental factor: It affects the electricity demand in relation to the variance in humidity and ambient temperature in different seasons during the year. Demographic factor: It relates the electricity demand with the population growth and life pattern, in addition to the increased numbers of refugees from neighborhoods countries. Energy tariff factor: This factor is a part of the energy policy, and it affects the electricity consumption pattern of small and large consumers. [22, 23] . The household sector is the second most important sector that consumes energy with 23%, mainly distributed between heating, cooling, lighting and other uses, while the industry sector comes at the third level with 21%. In order to overcome the economic and environmental effects of this issue, the policymakers have to rebuild the energy strategy in Jordan. This should consider the renewable energy sources, oil shale retorting, and oil shale direct burning to generate electricity, in addition to promoting the use of the electric vehicles and public transport by developing transportation networks [24] . This orientation was translated actually on the ground through the adoption of the supporting policies to encourage the investment in renewable energy projects and public transportation, in addition to exempt the electric vehicles in order to reduce the dependency on imported fuels. Table 1 The electricity consumption by the three distribution companies in GW/h [20, 21] The main challenges of urban environments are creating innovative methods and ways to raise energy efficiency and improve user behavior [25] . Implementation of energy efficiency through advanced technologies or sustainable practices is extremely important. Many efforts have focused heavily on energy efficiency policy and technology, but that is not enough since the user practices and consumer behavior are some important factors in influencing the amount of energy consumed. Significant efforts were made to increase energy efficiency and reduce the carbon emission of energy consumption, in this regard, the transport system has received high attention in order to improve the efficiency and reduce the congestion, pollutants, and environmental degradation [26] . Existing challenges in urban environments is based on using innovative methods and creative ways to raise energy efficiency and improve user behavior [13] , and these methods known as retrofitting or reformatting of existing housing and restructured the buildings to make them more efficient in energy consumption process to be increased as adviced by LCA that ultimately will be increased. In order to reduce Amman City energy consumption, a range of effective properties of carbon footprint reduction should be activated [27] , such as thermal insulation process, specific height and size, and appropriate location's direction of houses in confronting the sunlight [28] , in addition to the nature of the material used in the construction process to be environment friendly. In this context, the role of social learning and public awareness of the community towards efficient use and consumption behavior become very important [28] . Energy efficiency associated with shifting towards alternative renewable energy and prioritization is a complex and overlapping process. Therefore, it is important to improve the energy efficiency consumptions and develop a standard practice for better understanding of energy systems and identify appropriate paths for current and future energy policies [29] .
Energy efficiency and rationalizing consumptions aims to improve the lift value and its ability to meet the basic needs of the user, with the most efficient methods and available means to get the maximum possible return, with the least possible amount of energy consumption, without affecting daily life and living conditions of users [30] .The integration of energy efficiency with rational consumption is crucial to determine the optimal path of economic development and increase the productivity of the local economy. In addition to reducing the budget deficit and support the competitiveness of the national economy by improving energy efficiency in various economic activities, this will reduce the cost of producing goods and services in Jordan [31] . Table 2 shows the contrast between consumption rationalization and energy efficiency. Rationalization depends on human behavior and means the optimal use of energy that leads to gain the best benefits and results. Using lighting only in places that are occupied is an example of energy rationalization. Increasing the performance solar cells is an example of energy efficiency and solar cells harvest only 18% of the total amount of solar radiation and convert it to electricity; if these cells are developed to raise their efficiency up to 80%, this leads to quadruple electricity generation. Energy efficiency is based totally on technological progress [32] . Clarifying the relationship between energy efficiency and rationalization is an important issue to achieve a higher level of sustainability because there is a big difference between conservation strategy for sustainability and increasing efficiency level. In this regard, the access to the marginal level to rationalize or reduce consumption has not demonstrated the presence for a limit for efficiency.
Status of the electrical power in Jordan
Investigation the consumption pattern in the electric energy sectors at regional and global level shows a clear trend of increasing energy consumption in most countries of the world from 1990 to 2017. Table 3 illustrates the consumption value of electricity in Jordan distributed by various sectors; it shows that there is an increase in the household consumption rate from 2010 to 2016, also there is a small incline in the industrial sector consumptions. However, the consumption rates indicate an increase in the rate of consumption for domestic and commercial sectors; therefore, the importance of the rational use of energy in the household sector becomes an important issue in the sustainability of energy strategy in Jordan [34] .
The building system and construction design are responsible for an excessive amount of the consumed energy in urban environments and in many other areas. This attributed mainly to the climate effect, for its role in the electric energy guzzle in consumption and generation through the burning of fossil fuels [36] . Figure 4 shows the electrical power consumption and distribution 
pattern in the domestic sector of Amman City, and it shows that about 50% of the energy used in heating and cooling, with other sectors as 17% for cooking, 15% for water heating, 15% for home appliance, and for the lighting sector which corresponds to about 4% [33] . The annual consumption of electric power per capita in Jordan has reached around 991 kg oil equivalents with a 4.1% growth rate. Table 4 shows the electrical losses in the energy sector in Jordan. The total electricity consumption in Jordan reached 18 TW/h by 2017, the lost value was about 2526 TW/h, which is equal to 13% with a total cost of 17 million Jordanian dinars according to the average cost of consumption. There are three stages of electric energy losses: generation stage, transportation stage and distribution stage, the generation and transport losses are very low compared to the size of the losses during the stage of distribution [8] .
The losses in the distribution stage are mainly due to technical causes, like the harmonics issue, which is generated and passes through the distribution network in case no harmonic filters are implemented. This and other technical issues can be solved by increasing the budget of maintaining the distribution networks. In addition to the technical causes of the losses, there is an additional factor for such losses which is related directly with the customer's bad behaviors and through the energy meters tampering, and this kind of causes can be mitigated by activating the rule of law.
The main issue is in the continual sparring between stakeholders and implementers of the fossil energy system and sustainable renewable energy system. The fossil energy system group seeks to focus on energy efficiency and conservation, due to the current high cost and ineffectiveness of renewable energy. Whereas the second group believes that the adoption of a renewable energy system is the only way that will lead to energy security in the stage of sustainability and getting rid of old sources. However, the issues become more complex in the case of increasing demand on energy, the rapidly increasing consumption rate of fossil energy leads to fast degradation of the planet, through its devastating effects on the environment [37] . Adding to this effect, the transitions change in climate properties, the impact of the concept of hidden cost on human life, for example, the global climate will increase the demand for the needed energy. The extreme weather situation leads to increasing demand for energy in the form of heating and cooling by using air conditioning in summer and winter, which consumes a high amount of electricity [38] . Table 2 The contrast between the energy efficiency and rationalization [33] Energy efficiency Rationalizing energy consumption
• Energy efficiency depends on the use of advanced technology to reduce energy use, conserve the same much performance.
• Focus on the performance of equipment and machinery.
• Replace the traditional light bulbs with a more efficient (LED) as well as home thermal insulation and the use of energy-saving appliances.
• Rationalizing consumption depends on individual behavior, which leads ultimately to reduce energy consumption.
• Focus on the performance of human behavior.
• Switch off the light when out of the room. 
Pattern of electricity consumption in Amman City
The building type influences the energy consumption pattern. According to the USA energy research, like (lee's study in 2009) titled "The Influence of Urban Form on GHG Emissions in the U.S. Household Sector," multi-family building with more than five family's apartments use nearly 40% of electric power less than building with single families [39] . On the other hand, single families that live in a separate villa or independent house in the Australian city of Sydney consume electric power rates by 73% more than multi-family houses [40] . The residential buildings with a single family in Amman reach about 40% of the total number of buildings in the city and are almost located in the western part of the city. The total consumption volume in Amman for 2015 is estimated at about 4.2 TW/h with annual per capita 1087 kW/ h; these values are monitored through the Jordanian electricity company revenue section [41] . The consumption rate in summer season tends to use more fossil resources because it is characterized by long night with non-sleeping hours given the culture of summer activities for households, high temperature, and the extra incoming tourism and visitors' activities in the city, this affect the ecological footprint represented by the amount of solid waste production [42] . The waste production as an additional indicator proved the above, it shows an increase of 30% on average, except for transition seasons between summer and winter. Thus, the demand for electrical energy in winter season increases by 17% in all sectors in Amman City, due to the cold temperatures, with slight rising in demands for the residential sector by over than 40% compared to the other sectors.
From a geographical point of view, examining the spatial distribution pattern of the consumption rate of electrical energy in the city of Amman shows that the per capita consumption rate of electricity in the summer season-July 2015-is highly variable between the administrative city sectors, as shown in Fig. 5 . In this investigation, the spatial distribution pattern of per capita of domestic electricity consumption with the population density shows that the east and downtown parts of Amman have lower consumption values compared with the other residential neighborhoods in the west part of the city.
The statistical relationship between the dependent variable and the independent variables are given in Fig. 6 . The figure reflects the relations between the consumption of 
electric energy and some of the socio-economic factors.
Comparing the per capita consumption of electricity as the main economic factors with other demographic factors show that there is a positive relationship between the economic income level and the amount of consumed energy. More specifically, a positive relationship was observed between the dependent factor from one side and the following independent factors from the other side (e.g., population density, a percentage of households owning a car, an average age of the building, type and material of building of clean stone). These results are confirmed by both the statistical analysis (Geoda software) [43] and the GIS spatial analysis test. As GIS can be used to display results as spatial maps to better communicate integrating it with building stock energy analysis and LCA due to its series of benefits. Given that the use of spatially explicit data contributes to the refinement and enrichment of the building inventory, making it possible to explicitly consider spatial constraints, e.g., linked to resource supply, building material, and any specific features, current and future infrastructures or networks, the suitability of renewable energy installations [44] .
One of the interesting results is the positive effect of the building material types, where the stone building material proved a positive relationship with a significant statistical significance of 0.94 which is considered an indicator of economic prosperity. Noting that other researches results confirm the importance of the energy retrofitting of residential buildings in large functional urban areas. The LCA indicates that the selection of proper construction system materials and thermal insulation materials is important to the environmental performance of building retrofits, and these selections can lead to CO2 emission differences of up 16% in the city [45] . While in Amman City, Shawarbeh mentioned that the residential and buildings of the city sending around 64% of the air pollution (including the CO2) [46] .
The other factors represent positive relationships with lower significant values, except for the population density, which shows a negative correlation. This relationship means that the more densely populated areas, the lesser per capita consumption of electricity. These results show clear indicators on linking between socio-economic characteristics with energy consumption level in Amman City.
Considering energy consumption in Amman City, the analysis reflects the influence of several factors that should be taken into account in the energy sustainability strategies. The energy consumption is influenced by the characteristics of household including the building size, household income, total cost of energy, and building design, where the majority of buildings that were established in the new neighborhoods are distant from each other, this makes them affected by temperature in summer and winter compared to areas where the density of buildings are high. The results of the analysis show that areas with high-density buildings consume less energy, due to high population making the marginal cost per capita energy consumption lower compared to modern areas where the average of household size is small and the consumption per capita is higher, such result could be attributed to the low level of income of the heavily populated families with a large number of family members occupying individual rooms, consequently the rate of energy consumption will be divided on a large number of individuals.
Other important factors are the building's average age, design, and whether the buildings are following the latest standards codes (Methods of thermal insulation) for energy conservation. Buildings with diverse styles that are wide apart from each other are characterized by high-energy consumption pattern compared to the style of condensed buildings (e.g., the west part of Amman compared to the east and downtown parts). These findings are appearing clearly in Amman City as shown in Fig. 4 , where the building style is dense and the population density is concentrated in the downtown region, this adverse relation is shown in the low consumption values in the city center compared to other parts. This result was confirmed by other studies which state that the low populated areas and distant buildings are featuring high-consumption rate pattern [47] . In addition to the above-mentioned factors, other factors may affect the energy consumptions such as the morphology of the city, location of the house and cultural behavior of the population [3] .
According to the equation of income and expenditure issue, there is a self-evident that the proportion of expenditure and consumption linked to the rate of income, but the size of the association relationship and its proportion vary from one person to another or from one society to another. Regarding the factors of household characteristics and size as socio-economic variables, the cultural and social background plays an important role and are reflected on consumptions behavior of the individual and society as suggested by Reshmi study (2015) [47] . Figure 7 represents the spatial distribution of an average number of family members in Amman City for 2015-2016 [41] . It is obvious that there is a high rate of energy consumption in city neighborhoods that have a household size of up to almost 3.5 persons. On the other hand, the average household size is about (5.5) persons in the east and downtown side. The analysis shows that there is an obvious correlation between the size of the household and the amount of energy consumption in Amman City. In general, the studies show that the household member's number affects the average consumption rate and can be considered as a sign that higher-income households are the same who have a small household number. However, in the city of Amman, the result of the spatial analysis shows the same indication, in which the areas where there is low size for the family members, there was high per capita electricity consumption rate, and this in line with Moran's I findings.
Finally, it can be stated that the quantitative analysis of the socio-economic factors to the electricity consumption rate showed that the distribution pattern of energy consumptions can be attributed to many reasons including social behavior, economic conditions, and the pattern of energy consumption. This result is comparable to the findings of Urban "NEXUS" Approach, which stated that the economic conditions affect consumer and social behavior of the individual and vice versa, but they are not limited to economic and social factors.
Conclusions
Jordan imports about 97% of his need for power at a cost equivalent to 20% of the country's GDP. The volume of output losses during the distribution phase for 2015 is about 14.6% of total electricity consumption in Jordan. It distributed on three aspects is the generation, transmission, and distribution losses. Demand for energy in winter is about 17% in all sectors within the Amman City and the demand for the domestic sector is over 40% compared with the rest of the seasons. The low population density areas and buildings record higher consumption pattern, and the buildings are spaced in the city of Amman where high population density areas are concentrated in downtown and lower limbs, where the consumption values in the center of the city were lower than the other parts of the city. Building and construction sector is responsible for much of the energy used in urban environments and in many areas, this sector also contributes significantly to the impact effect on the local climate, for his role in the electric energy guzzling and generated mostly from the burning of fossil fuels. Investigation the spatial distribution of the consumption rate with the population density shows that the east and downtown parts of Amman having lower consumption values compared with the other residential neighborhoods in the west part of the city. Based on GIS analysis and (Geo Da) techniques as followed in LCA assist in communicating information with stakeholders (i.e., environmental organizations, communities, interested and affected parties, and authorities). The integration of GIS in LCA tool is capable to localize impact sources to organize spatial data especially at large scale; develop spatial inventory models and visualize results for stakeholders [15] .
A positive relationship observed between the dependent factor (domestic energy consumption) and the factors of population density, percentage of households owning a car, the average age of the building, and type of building material. The high positive effect of the stone building material proved a positive relationship with a significant statistical significance, where the other factors represent low positive relationships, while the population density gave negative correlation. This relationship means that the more densely populated areas, show less the per capita consumption of electricity, and reflect clear indicators on linking between socio-economic characteristics with energy consumption level in Amman City. 
